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Abstract. Pesticides are chemicals that combat the attack of various pests on agricultural crops. 
The use of synthetic pesticides has become an indispensable tool in agriculture. Their use over 
the years has led to serious environmental pollution. In view of this, efforts have been made by 
scientists to remove these pollutants from the environment. Degradation of pesticides pollutants 
by the use of microorganisms has been one of the most environmentally safe and cost effective 
methods, since these microorganisms exist in abundance in the environment. Glyphosate, an 
herbicide used for the control of weeds was made to undergo degradation by fungi isolates. The 
fungi growth was monitored by measuring cell turbidity with a UV-visible spectrophotometer 
(Genesys IOS VI) at 660nm. The released phosphate ion was determined by spectrophotometric 
analysis using a UV-Visible spectrophotometer (Genesys IOS VI) at 690nm, using Trichoderma 
viridae, Aspergillus niger, and Fusarium  oxysporum fungi as biodegraders. The release of 
phosphate ion, was an indication that the first step in glyphosate degradation by fungi is 
cleavage of the Carbon-Phosphorus bond, resulting in the release of an inorganic phosphate 
which could be utilized as a source of phosphorus by fungi. There was an inverse relationship 
between the fungus growth and the amount of phosphate ion in the broth culture over a period of 
time. The products of degradation were determined by Thin-Layer Chromatography (TLC) and 
High Performance Liquid Chromatography(HPLC). Three spots were detected in Thin Layer 
Chromatographic analysis while three peaks were detected in High Performance Liquid 
Chromatographic analysis. The spots and peaks were identified as glyphosate, aminomethyl 
phosphonic acid (AMPA) and sarcosine respectively. The results showed that the isolated fungi 
species were able to utilize glyphosate as both Phosphorus and Nitrogen sources for their growth. 
These could only be possible through breaking of C-P and C-N bonds. The percentage 
concentration of detectable sarcosine present in the culture broth was far greater than that of 
AMPA(sarcosine, 89% and AMPA, 6%), when analysed by HPLC. This suggested that the major 
metabolic degradation pathway of glyphosate is through the breaking of Carbon-Phosphorus (C-P) 
bond.  The percentage of residual glyphosate present by the 7th day was about 5%.   
Keyword: Glyphosate, biodegradation, fungi species. 
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1. INTRODUCTION 
The production of synthetic pesticides on a large scale has led to serious 
environmental pollution [1]. Some pesticides persist in the environment if the 
active ingredients disappear from the environment at a very low rate. Persistent 
pesticides accumulate in soil, air, water and food products. In this way human 
beings are exposed to pesticides [2]. Some organophosphorus pesticides have 
been found to persist and accumulate in the environment, causing environmental 
pollution [3]. 
Phosphonates are a class of organophosphorus compounds with a Carbon –
Phosphorus (C-P) bond. Phosphonates occur widely among biogenic and man-
made  compounds [4]. Synthetic phosphonates are the basis of many xenobiotics 
and are widely used in different fields of human economic activity[5]. They 
include, derivatives of ethyl- and phenylphosphonates, used as insecticides; 
alaphosphaline and phosphonomycin, used as antibiotics, and glyphosate used as 
an herbicide [6]. 
Glyphosate (N-phosphonomethylglycine) is the active ingredient in the herbicide 
roundup. It acts as a broad-spectrum translocated post-emergence herbicide for 
controlling couch and other annual and perennial weeds before sowing cereal 
crops. Glyphosate can be used in no-till agriculture, to prepare fields before 
planting during crop development and after crop harvest [7]. The mode of action 
of glyphosate is the inhibition of 3-phosphoshikimate-1-carboxyvinyl transferase, 
an enzyme of the shikimate pathway responsible for the biosynthesis of aromatic 
amino acids in bacteria and plants [8]. 
The most significant route of glyphosate degradation resulting in the breaking of 
Carbon-Phosphorus (C-P) bond, with sarcosine as the major degradation product 
is through the activity of microorganisms [9]. The ability of microorganisms to 
utilize organophosphorus compounds as the sole phosphorus source has been 
known for a long time [10]. The first evidence of the biological cleavage of the C-P 
bond was obtained with E.coli [11]. This bacterium utilized methylphosphonic or 
ethylphosphonic acids as sole phosphorus sources. It is possible that after 
depletion of easily assimilated phosphorus sources in the environment, only the 
phosphites and phosphonates are left for microorganisms as sources of 
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phosphorus. There is wide occurrence of phosphonate-degrading microorganisms 
in nature [12]. These microorganisms include Gram-positive and Gram-negative 
bacteria [13] as well as yeasts [14-15] and fungi [16-18]. 
Aminomethyl phosphonic acid (AMPA) has been reported by Forlani et al., (1999) 
[19] as one of the metabolites  of glyphosate. This shows that cleavage of Carbon-
Nitrogen (C-N) bond could also take place during glyphosate degradation by 
microorganisms. 
Various analytical methods have been used by different Authors to monitor the 
growth rate of microorganisms and biodegradation of pesticides. For example, 
the growth kinetics of Pseudomonas sp. Strain PG 2982 was monitored by 
measuring turbidity of culture medium using colorimetric method [8]. Moneke et 
al. (2010) [7], used spectrophotometric method to monitor growth of bacteria. 
Growth of bacteria was also monitored by the most probable number (MPN) 
technique [20].  The growth of Penicillium citrinum was monitored by weighing 
bacterial dry mass [14]. Biodegradation of glyphosate was studied by using 
amino acid analyzer [21]. Radiolabeling had been used to determine  the 
products of glyphosate degradation by Pseudomonas sp. [8]. While 
Chromatographic methods had been used to monitor the degradation of 
organophosphonate [22]. Direct indicators had been used to determine 
glyphosate degradation by fungi [23]. 
In this study we report the utilization of glyphosate as phosphorus source by 
three isolated fungi species by spectrophotometric analysis and determination of 
products of degradation by spectrophotometric and chromatographic methods. 
 
2. MATERIALS AND METHODS 
2.1 Chemicals 
The chemicals used were of analytical grade (products of Sigma-Aldrich, USA). 
They included glyphosate (N-phosphonomethylglycine), sucrose, sodium nitrate, 
magnesium sulphate, calcium chloride, ferrous sulphate, trichloroacetic acid 
(TCA), sarcosine, aminomethylphosphonic acid  (AMPA), 1,2,4-
aminonaphthosulphonic acid, sodium sulphite, sodium hydrogen sulphite and 
ammonium molybdate. 
Advances in Bioscience and Bioengineering                                          107 
2.2 Collection of soil and characterization of the soil samples.  
Two different soil samples were collected from locations with and without a 
reported history of glyphosate application. The soil sample with the history of 
glyphosate application was collected from the agricultural farm of Ladoke 
Akintola University of Technology and coded as LAU 1. The second soil sample, 
without previous history of glyphosate application was collected from an 
abandoned cashew orchard located within the University and coded as LAU 2. 
Soil samples were collected from the surface layer of the soil, up to a depth of 
10cm in the two locations.  Soil samples were placed in sterile polyethylene bags 
transported immediately to the laboratory and stored at 4OC before use. The soil 
samples were air-dried, sieved and characterized. The characteristics of the soil 
samples are shown in Table 1 below. 
 
Table 1: Physicochemical Characteristics of soil samples 
  
                                Soil characteristics 
Code 
 
 
Glyphosate 
application 
 
sand % 
 
 
silt % 
 
 
clay % 
 
pH 
 
 
Organic 
carbon % 
Organic 
nitrogen % 
 
Phosphorus 
mg/kg 
 
Cation exchange 
capacity 
Mmol/kg 
LAU 1 1 month 72.1 
 
 
21.7 6.2 6.9 2.6 0.5 5.6 92.4 
LAU 2 
 
No reported 
application 76.4 15.6 8.0 6.4 0.4 0.1 1.7 118.7 
 
2.3 Culture Media 
Culture medium A ( Czapek-Dox broth) contained(g/l): sucrose, 30.0; sodium 
nitrate, 3.0; magnesium sulphate, 0.5; calcium chloride, 0.5 and ferrous sulphate, 
0.01. The medium was buffered with 7.9g/l Tris(pH 7.2), and sterilized in an 
autoclave at 121OC, 15psi for 10 minutes. Sterile phosphorus source (0.1g/l 
glyphosate) was added to the autoclave phosphorus free medium.  
Culture medium B contained all the above nutrients except glyphosate. 
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2.4 Isolation and characterization of fungi species 
5g of each of the two soil samples (LAU 1 and LAU 2) were separately suspended 
in 250 cm3 Erlenmeyer flasks containing 20 cm3 of culture media A and B 
respectively. The four flasks and their contents were incubated on a rotary 
shaker (Gallenkamp, England) at 120 rpm for 7 days at 30OC. The procedure was 
repeated to ensure the purity of the colonies by taking 1.0 cm3 of the supernatant 
layer of each broth culture and then sub-cultured using the procedure above. 
Individual colonies of fungi were isolated and sub-cultured on potato dextrose 
agar slants for identification using Laboratory Manual of Microbiology [24]. 
2.5 Fungi Growth Kinetics and Biodegradation Experiments  
The fungi growth experiment was carried out with pure isolated fungi colonies 
for a period of 20 days. Glass bottles with cover were sterilized for the 
experiment. Into each of the twenty glass bottles was dispensed 20cm3 of culture 
medium A. 1.0cm3 (104spores/cm3)  of one of the isolates was inoculated into each 
bottle. The bottles were incubated on a rotary shaker at 120rpm at 30OC. 
Analyses were carried out by taking 2cm3 of the broth culture medium from one 
sample bottle per day for 20 days, and assayed for fungal growth by measuring 
the turbidity of the medium on a UV-Visible spectrophotometer (Genesys IOS VI) 
at 660nm. Analyses were carried out in duplicates. The remaining broth culture 
medium from each sample bottle was filtered and used for the determination of 
the rate of utilization of glyphosate by isolates through spectrophotometric 
analyses and detection of glyphosate and its metabolites through Thin Layer 
Chromatography (TLC) and High Performance Liquid Chromatography (HPLC). 
Further analyses were carried out using other isolates. Fungi growth and 
biodegradation experiments were also carried out on culture medium B using 
isolate that has the highest growth population. Control experiment was also 
carried out. 
2.6 Determination of rate of utilization of glyphosate by isolates through 
spectrophotometric analysis. 
Filtrates of broth culture were used. The analysis of phosphorus in form of 
inorganic phosphate (PO43-) was carried out on UV-Visible spectrophotometer 
(Genesys IOS VI) at 690nm, using Fiske-Subbarow method [25-26]. 
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Trichloroacetic acid [5%(wt/vol) and 9.50cm3 ] was placed in a centrifuge tube, 
followed by addition of 1.0cm3 of  filtrate of broth culture medium A from sample 
bottle 1. The mixture was stirred by stirring rod and allowed to stand for 
5minutes. The mixture was centrifuged at 1500rpm for 5 minutes. The clear 
supernatant (5.0cm3) was transferred into a test tube, followed by addition of 
1.0cm3 of ammonium molybdate and 0.5cm3 of 1,2,4-aminonaphtholsulphonic 
acid. The mixture was thoroughly mixed and allowed to stand for 10 minutes. 
The procedure was repeated for filtrates of broth culture A in sample bottles 2 to 
20. The absorbance for each solution in a cuvet was determined at 690nm 
against distilled water.  Analyses were carried out in duplicates. The experiment 
was repeated for the filtrates of broth culture medium A of other isolates. 
Spectrophotometric analyses of filtrate of broth culture medium B and control 
were also carried out. 
2.7 Detection of glyphosate and metabolites through Thin Layer 
Chromatography (TLC) and High Performance Liquid Chromatography 
(HPLC).  
Filtrate of broth-culture A with the highest isolate population (sample bottles 7 
and 20) were extracted with acetonitrile, and the extracts were analysed by Thin 
Layer Chromatography (TLC) and High Performance Liquid Chromatography 
(HPLC) with the appropriate standards for identification and determination of 
concentrations of glyphosate and its metabolites 
Thin Layer Chromatiographic analysis:  The TLC analysis was carried out on 
TLC  (aluminium) sheets, pre-coated with  silica-gel (20 x 20cm) (Merck, 
Darmstady, Germany). The chromatogram was developed by using mixture of n-
butanol-acetic acid-water (24:6:10) as solvent system. Spots were visualised by 
means of iodine vapour in an iodine chamber. Glyphosate, sarcosine and AMPA 
standards were used for the identification of spots. 
High Performance Liquid Chromatographic analysis: The acetonitrile extract 
was filtered through Whatman filter paper (1x0.5µm). The filtrate was analysed 
for glyphosate and metabolites on a Hewlett-Packard (HP) model 1100 equipped 
with Supelcosil LC-18 analytical column, UV-detector and an injector. The 
wavelength of maximum absorption was 245nm. The mobile phase was mixture 
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of methanol and water (80:20) at the flow rate of 1.5ml/min. 10µl of standards 
and samples were injected. Glyphosate and its metabolites were identified by 
matching their retention times (tR) with the corresponding standards. 
 
3. RESULTS AND DISCUSSION 
The three isolated fungi species in the two soil samples were Trichoderma 
viridae , Aspergillus niger,  Fusarium oxysporum. The population of these three 
fungi species were found to be more in soil sample LAU 1. The population of each 
fungus in the two soil samples is as shown in Table 2. 
 
Table 2 : Population of the three isolated fungi in the two soil samples 
Fungi Specy LAU 1 LAU 2 
Trichoderma viridae     +++       + 
Aspergillus niger       +       + 
Fusarium oxysporum      ++       + 
     Highly populated            = +++ 
   Moderately populated     = ++ 
          Mildly populated             = + 
  
The above result suggested that the isolated fungi species were able to grow 
more in the presence of glyphosate. The possible way of doing this is by 
degrading the compound through breaking of Carbon-Phosphorus (C-P) bond [14] 
or Carbon-Nitrogen (C-N) bond [27] by the fungi. 
The growth kinetics of the isolated fungi were monitored through 
spectrophotometric analysis. The measured absorbance represented the growth 
of fungi with time as shown in Tables 3 and 4;   and Figure 1. 
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Table 3: Growth kinetics of fungi species in glyphosate containing medium. 
 
Time  
Absorbance at 660nm of culture medium A (containing glyphosate) 
 
 
(Hours) 
Trichoderma 
viridae 
Aspergillus 
niger 
Fusarium 
oxysporum 
Control 
(No fungus) 
24 0.24 0.10 0.16 0.06 
48 0.38 0.16 0.20 0.11 
72 0.76 0.20 0.30 0.14 
96 0.78 0.30 0.40 0.15 
120 1.12 0.42 0.60 0.18 
144 1.70 0.60 1.00 0.16 
168 2.40 0.56 1.40 0.16 
192 1.90 0.44 1.20 0.14 
216 1.35 0.34 0.80 0.14 
240 1.20 0.24 0.60 0.14 
264 1.10 0.10 0.50 0.10 
 
Table 4: Growth kinetics of Trichoderma viridae in culture medium without 
glyphosate 
            Time  
  
Absorbance ( at 660nm) of culture 
medium B (No glyphosate) 
          (Hours)                    Trichoderma viridae 
24 0.20 
48 0.30 
72 0.46 
96 0.60 
120 0.90 
144 1.28 
168 1.60 
192 1.42 
216 1.10 
240 0.90 
264 0.80 
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The isolated fungi species (Trichoderma viridae, Aspergillus niger, and 
Fusarium oxysporum) were able able to grow in glyphosate enriched medium A. 
Trichoderma specy showed the highest growth population (with maximum 
absorbance of 2.40 as shown in Table 3), while Aspergillus niger showed the 
lowest growth  population (with maximum absorbance of  0.60 as shown in Table 
3 and Figure 1). The rate of growth of Trichodermal viridae in glyphosate 
enriched medium (Culture medium A) was compared with culture medium 
containing no glyphosate (Culture medium B) through spectrophotometric 
analysis. It was observed that the rate of growth of fungus was more rapid in 
glyphosate enriched culture medium than in culture medium containing no 
glyphosate (Tables 3 and 4; Figure 1). The population of all the fungi isolates 
increased initially. The increasing trend continued within six to seven days and 
decreased thereafter (Figure1). All these were pointer to the fact that fungi 
species could utilize glyphosate for their growth. 
 
 
 
 
Figure 1: Growth kinetics of fungi 
 The determination of rate of utilization of glyphosate by isolates was carried out 
by spectrophotometric analysis using the method of Fiske-Subbarow. Table 5 and 
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Figure 2 showed the results of the analysis of inorganic phosphate in the broth 
culture. 
 
 
Figure 2: Determination of rate of utilization of glyphosate by fungi species 
through spectrophotometric analysis. 
 
The amount of available phosphorus (in the form of inorganic phosphate) 
decreased with time (Table 5 and Figure 2).   
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Table 5: Determination of rate of utilization of glyphosate by fungi species 
through spectrophotometric analysis. 
Time Absorbance(690nm) of culture medium A (containing glyphosate) 
(hours) 
Trichoderma 
viridae 
Aspergillus 
niger 
Fusarium 
oxysporum 
Control 
(No fungus) 
 
24 2.63 3.35 2.62 3.75 
48 2.00 2.80 2.25 3.75 
72 1.25 2.34 1.65 3.74 
96 0.71 1.83 1.15 3.72 
120 0.39 1.40 0.70 3.71 
144 0.36 1.05 0.50 3.70 
168 0.35 0.83 0.45 3.71 
192 0.27 0.75 0.40 3.72 
216 0.24 0.68 0.38 3.74 
240 0.22 0.65 0.35 3.70 
264 0.20 0.63 0.33 3.71 
288 0.14 0.60 0.30 3.68 
312 0.12 0.60 0.30 3.69 
336 0.11 0.60 0.30 3.67 
360 0.08 0.58 0.27 3.65 
384 0.07 0.56 0.27 3.68 
408 0.05 0.55 0.25 3.67 
432 0.03 0.50 0.22            3.70 
456 0.02 0.45 0.17 3.71 
480 0.01 0.40 0.10            3.70 
 
The three spots were identified as glyphosate (Rf=0.12), aminomethylphosphonic 
acid (Rf=0.31) and sarcosine (Rf=0.54).The HPLC analysis showed three peaks 
identified as glyphosate and its metabolites. These compounds were identified by 
marching their retention times (tR) with their corresponding standards as shown 
in Table 6. The concentrations of glyphosate and metabolites present in the 
filtrate of broth-culture medium of sample bottles 7 and 20 (these corresponded 
to 7th and 20th day respectively of the biodegradation experiment), were 
determined by HPLC. Table 6 showed the results of the TLC and HPLC of Broth 
culture filtrate of sample 7. 
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Table 6: The results of Thin-Layer and HPLC chromatographic analysis of the 
broth culture filtrate 
Broth 
Culture TLC                                     HPLC 
 Sample7 Rf tR Concentration(mg/l) %Concentration 
     Glyphosate 0.12 20 2.89(±0.03) 5 
AMPA 0.31 45 3.47(±0.01) 6 
Sarcosine 0.54 90 51.44(±0.01) 89 
 
The concentrations of detectable glyphosate, AMPA and sarcosine present in the 
culture medium after incubation for seven days were 2.89, 3.47, and 51.44mg/l 
respectively (Table 6). The results showed that the degradation of glyphosate by 
fungi species was mainly through the cleavage of Carbon-Phosphorus (C-P) bond 
and the major degradation product is Sarcosine (89% of the total concentration of 
detectable residues). The concentration of AMPA present in the broth-culture on 
the 7th day of biodegradation experiment was 6%. This showed that a small 
fraction of glyphosate was degraded by the cleavage of Carbon-Nitrogen(C-N) 
bond through AMPA pathway mediated by fungi (Table 6 and Figure 3).  
 
Figure 3: Comparative % concentration of glyphosate and metabolites in broth 
culture after incubation for seven days. 
The amount of glyphosate present in the broth-culture on the 7th day was 5% 
while no glyphoste  was detected  after 20th day. Also there was no detection of 
AMPA and sarcosine in the broth-culture after 20th day of the biodegradation 
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experiment. This showed that AMPA and Sarcosine might have been further 
degraded to other products. 
 
4. CONCLUSION 
The results of this research showed that glyphosate degradation by fungi species 
was mainly through the cleavage of Carbon-Phosphorus (C-P) bond, resulting in 
the release of sarcosine and a phosphate group. The phosphate group was 
utilized as a source of phosphorus for fungi growth. The released sarcosine was 
possibly further degraded to other products. A small fraction of glyphosate was 
degraded through the cleavage of Carbon-Nitrogen(C-N) bond, with the release 
of AMPA. Glyphosate could therefore be utilized by fungi species as sources of 
phosphorus and Nitrogen nutrients for their growth. 
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